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Used to represent start and

Oval (: end of flowchart

Used for input and output
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| —
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Example 1: Draw the flow chart to add two numbers

inter numi,
numa

Sum=numilAnuma2

\ h
' f Display Sum
d

b

Example 2: Draw the flow chart to find average of Three numbers
E

i / Input A, B /
rAvemge =(A+B+C) I3_l

! / Print !:vemge/

Stop

Example 3: Draw flowehart to find largest of three numbers

G

/Read A, W

l
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Character setin 'C' lp¥dgramining:
1. Letters

o Uppercase characters (A-7)

o Lowercase characters (a-z)
. Numbers

o All the digits from 0 to 9

12

3. White spaces
o Blank space
o New line
o Carriage return
o Horizontal tab

4. Special characters ond cperalers:
o Special characters in 'C' are shown in the given table,

‘7, (comma) { (opening curly bracket) \
. (period) i (closing curly bracket)

- (semi-colon)

[ (left bracket)

: (colon)

] (right bracket)

? (question mark)

( (opening left parenthesis)

' (apostrophe) ) (closing right parenthesis)
" (double quotation mark) & (ampersand)

Al
! (exclamation mark) ™ (caret)

[(vertical bar)

+ (addition)

/ (forward slash)

- (subtraction)

\ (backward slash)

* (multiplication)

~ (tilde)

/ (division)

_ (underscore)

> (greater than or closing angle bracket)

R I

$ (dollar sign)

< (less than or opening angle bracket)

% (percentage sign)

Www:universityracadel

# (hash sign)
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every word and punctuation that

TOKEN is the smallest unit in a 'C' program. It is each and
ks a program into the smallest

C program. The compiler brea

vOu come across in your
ds to the various stages of the compilation.

possible units (tokens) and procee

A token is divided into six different types,

e Keywords

e Identifiers

e (Constants

e  Strings

e  Opcrators

e Special Characters
Keywords

There are a total of 32 keywords in 'C'. Keywords are written in lowercase letters.

|1| auto double int struct
l break else long switch
| ‘ T
‘ case enum register | typedel
‘ char extern return union
‘! const short float unsigned
‘ continue for signed void
default goto sizeof | volatile
do if static while

Identifiers
An identifier is nothing but a name assigned to an clement in a program. Example,

name of a variable, function, etc. Identifiers are the user-defined names consisting of

'C' standard character set.
Each identifier must have a unique name. Following rules must be followed for

identifiers:
1. The first character must always be an alphabet or an underscore.
2. It should be formed using only letters, numbers, or underscore.
3. A keyword cannot be used as an identifier.
4. 1t should not contain any whitespace character.
5. The name must be meaningful,

Valid Identifiers Invalid Identifiers
Number New Delhi
Delhi_24 55Delhi

Count4 Count#
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Integer constants

L TR ERTG S |

An integer constant is nothing but a value consisting of digits or numbers. These values

program. Integer constants can be octal, decimal and

Lvd

never change during the execution of a

.f"_?

hexadecimal.

e Decimal constant contains digits from 0-9 such as,

Example, 111, 1234

e Octal constant contains digits from 0-7,

Example, 012, 065

e Hexadecimal constant contains a digit from 0-9 as well as characters from A-F

Example, 0X2, 0XBCD

Character constants
A character constant contains only a single character enclosed within a single quote ("). We

can also represent character constant by providing ASCII value of it.
Example, 'A",'9'
Real Constants

Like integer constants that always contains an integer value. 'C' also provides real constants

that contain a decimal point or a fraction value.

Example, 202.15, 300.00

www.universityacademy.in Page 28 of 152



AR s Ee R SR skt

Data types

'C' provides various data types to make it casy for a programmer to select a suitable data type
as per the requirements of an application. Following are the three data types:

e Primitive data types
e Derived data types
e User-defined data types

Data type
Primitive Derived User-defined
data type data type data type
— character data type Armay Structure
integer data type — String Union
— floating-point data type Pointer — Typedef
void data type Enum
Following table displays the size and range of each data type.
Data Type Range Bytes | Format
signed char -128 to + 127 1 Y%c
unsigned char 0 to 255 1 Yc
short signed int -32768 to +32767 2 %d
short unsigned int | 0 to 65535 2 %u
signed int -32768 to +32767 2 %d
unsigned int 0 to 65535 2 %u
long signed int 22147483648 to 42147483647 | 4 old
long unsigned int | 0 to 4294967295 4 Y%lu
float -3.4c38 to +3.4c38 4 Yof
double -1.7¢308 to +1.7¢308 8 Y%lf
long double -1.7¢4932 to +1.7¢4932 10 %Lf
Note: The sizes and ranges of int, short and long are compiler
dependent. Sizes in this figure are for 16-bit compiler.

Note: In upcoming lecture we will discuss about Derived and user define data types

String constants
A string constant contains a sequence of characters enclosed within double quotes ("").

Example, "Hello", "Programming"
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['4: ¢ Standard C Input and Qutput: Input means to provide the program with some
data to be used in the program and Output means to display data on screen or writc the data
to a printer or a file there are following functions used for input and output.

e scanf{) and printf{) functions
e getchar() and putchar() Functions
e gets() and puts() Functions
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Register cru Giarbage Value Local to the block| Till the control
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Important Questions

1.

Do W

10.

11.

Draw the block diagram of a computer system. Explain its different components with

Example
Draw the memory hierarchical structure of computer system.
What do you mean by operating system?
Describe the functionalitics of operating system.
Differentiate between:
a. Compiler, Interpreter and assembler
b. Linkef and Loader
What are the good characteristics of an algorithm?
While compiling a code, write the name of two syntax and two logical errors.
Write an algorithm and draw a flowchart to find the sum of digits of an integer number

entered by the user.
Write an algorithm and draw a flowchart to reverse an integer number entered by the

user.
Defined data types in C. Discuss primitive data types in terms of memory occupied,

format specifier and range

Name different storage class with one example of cach.

12. List the component of C languages.
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operatfer [reoclont € anel .‘l!ic',lc‘xé'(_/r‘/”'.f?'

Operator Description Precedence | Associativity
level

() Parentheses: grouping or function call

[ ] Brackets (array subscript) 1 Left to Right

: Dot operator (Member selection via object name)

S Arrow operator(Member selection via pointer)

9 - Postfix increment/decrement

+ Unary plus

Unary minus

oo Prefix increment/decrement

! Logical NOT

~ One's complement 2 Rightto Left
* Indirection

& Address (of operand)

(datatype) | Type cast

sizeof Determine size in bytes on this implementation

. Multiplication
/ Division 3 Left to Right
% Modulus
% Addition 4 Left to Right
- Subtraction

<« Left shift 5 Left to Right
>> Right shift

< Less than

<= Less than or equal to 6 Left to Right
> Greater than

- Greater than or equal to

== Equalto 7 Left to Right
I= Not equal to

& Bitwise AND 8 Left to Right
o Bitwise XOR 9 Left to Right
| Bitwise OR 10 Left to Right
&& Logical AND 11 Left to Right
[ Logical OR 12 Left to Right
i Conditional operator 13 Right to Left
= [= %=
4= .= Assignment operators 14 Right to Left
&= A= |=
o= Iy
L Comma operator 15 Left to Right
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Exercise

Assume stdio.h is included in all programs.
(1) main( )
(
int a=-3;
Ay: ¢

a--a-a+'!la;
printf(~“%d\n~,a);

}

{(2) main( )
(
int a=2,b=l,c,d4;
c=a<b;
d=(a>b) && (c<b) ; Ay’ c=0, d=)
td\n”,c,d);

printf(*c = %d, 4 =

Wl

{3) main( )
{
int a=9,b=15,c=1€,d=12,e,£;

e=!(a<b| |b<c);
f=(a>b) ? a-b:b-a:

princtf{~e = %d,

brg: @-0, {=6
f = s$d\n",e.f );

)

{4) main( )

(

int a=5;
a=6; ¢
a=0+S*AQ) Ang. %

Fhﬁﬁﬁt”q::¢&’\“'ﬁq)
% .
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{5) main( )

{ .
int a=5,b=5; M -
printf("td, %d\t*",s+a,b--), Bl S5
printf(*%d, %d\t*,a.b): ’
printf(=%d, fd\t",++a,be++);
printf(*%d, %d\n",a.b):

)

{6) main( )

{
int x,y,z;
x=8es I ey
yroo)(‘-;
TE(X+y) - =3
printf(*"x = %4, y = %d, 2z = %d4d\n”",.x.y):

}

(7) main( )
( 2l z,d':@,z"l}

int a=4,b=8,c=3,d=9,z; a:=g, b:q’CJ
Z2age+s + +s4tbh * - - - < -d;
printf(“a = %d,b = %4,¢ = %d,d.= %d,=z = %d\n”",a,b,c

)

(8) main{( )
(
int a=14,b,c;
a=ath; Any: _ L=l €=%
b=a/3; Qs .
c=a/5%%3;
princf(“a = td, b = %d, ¢ = %d\n*,a,b,c):
}
(9) main()
VARt
int a=15,b=13,c=16,x,Y:
x=a-3%2+c*2/4%2+b/&; 62’5.
yza=b+5-b+9/3; W=7 y=98
printf(*x = %d, y = %d\n”.x,y): ?
)

(10)main( )
{ ) A’J!’

int x,y.z,k=10; = J<=22
o = Y=7 212 =
k4= (x=5,y=x+42,z2=x+y); S. i =

printf(*x = %4,y = %d,2 = %d,k = d\n".x,y.z.k}:
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{llinain()
{

int a;
19§ 006 00

float by : '
b=15/2; L e
princf(*sf\t*, b))
b=(f{loat)15/2+(1572);
printf(*Vf\n*.b);

}

(12)maint )

\ int a=9,; ) Gg;ﬂ

char ch=‘A‘;
a=a+ch+24;
praintf(*vd, tc\ctd,%¢c\n",ch,ch,a,a);

)

{13)maint )

{
: a,b,c.q4;

'y o
bz=c=d={; 615.

T oW e
L T |

c+=d*=3;

printf(*a = %d.c = %d\n”,a, ¢);

}
(l14)main()
(
int a=5,b=10, temp: Anse
temp=a,a=b,b=temp; . Qs
printf(*a = %d.b = %d\n".,a.b);
)
(1%3)main()
{
int a=10,b=3 . max;
a>b?raxcaymax=b; A  oyro)
printf(~%d~, K max);
)
{16) #include<atdio.h>
main( )
{ Pms: ¢ ) 6

int a=5,b=6;
princf(=td\t~,a=b);
printf("%d\t~,a==b);
printf(“%td td\n*.,a.b);
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2.4 Conditional Branching: programming are used to make decisions base

d on the

conditions. Conditional statements execute sequentially when there is no condition around the

statements. Statement

1. if statements

ii.  if..else statements

ii.  nested if-clse statements
iv.  if-clse-if ladder

V. switch statements

if statement: it is the most simple decision making statement. It is used to decide

whether a certain statement or block of statements will be executed or not i.c if a

certain condition is true then a block of statement is executed otherwise not.

© Syntax:
if(condition)

{

// Statements to execute if

// condition is true

}
Flow Chart

It Condition

False

True

If Body

v

Statement just
below it

e

Program:
// C program to illustrate If statement

#include <stdio.h>

int main()
{
inti=10;
if(i>15)
{
printf("10 is less than 15");
}
}
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ii.

if..clse statements : The if statement alone tells us that if a condition is true it will

execute a block of statements and if the condition is false it won’t. But what if we

want to do something else if the condition is false. Here comes the C else statement

Syntax:
if (condition)
{
// Executes this block if

// condition is true

}

clse

{
/! Executes this block if

/! condition is false

}

Flow Chart

If Condition

False

A

If Body Else Body

E
4

A

Statement just
below if

Program:
#include <stdio.h>
void main()
{
int num;
printf("Enter an integer: ");
scanf("%d", &num);
if(num % 2 =0)
{
printf("%d is even.", num);
}
else
{
printf("%Ad is odd.", num);
}
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iii.  Nested if-clse statements: it means an il statement inside another if statement. 1.e, we

can place an if statement inside another il statement.

Syntax ;
if (Condition1) Program:
{ flinclude<stdio.h>
if{ Condition2) \{’md main()
{ ] o int numl, num2, num3;
Statementl; printf("Enter three numbers:\n");
} scanf("%d%d%d" ,&num1, &num?2, &num3),
clse if(num1>num2)
{ {
Statement2; if{humI1>num3)
} {
J
} printf{("Largest = %d", numl);
else
{ else
o - {
l{ (Fentinoge) printf("Largest = %d", num3);
Statement3; } i
} else
else {
{ iffnum2>num3)
Statement4; {
} printf("Largest = %d", num2);
! ' }
else
{
p printf("Largest = %d", num3);
}
}
}

Flow Chart

False

Y r 1 v

I Statement ] I Smwmcntzl I Smtcment.'-l—l I Statement4 ,

Y !

To ncxi stitement
(If Amy)
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iv.  if-clse-if ladder : if-clse-if statement is also known as if-clse-if ladder. It is used when

there are more than two possible action based on different conditions.

Syntax:
if (Conditionl)
{
Statementl;
b
else if{ Condition2)
{
Statement2;
}
else if(ConditionN)
{
StatementN;
}
else
{
Default_Statement;
}
Flow Chart

I Statementl J

Falze

Condidon2?

True

StatememntN

I Statement2 l

L
r Ddaulg;utunom I

!

To next stamment
(If Any)
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Program:
C program to print weekday based on given number.

#include<stdio.h>
void main()

{
int day:
print{{"Enter day number: ");
scanf{"%d", &day);
if{day==1)
{
print{{("SUNDAY."):
\
else if{day==2)
]
\
printf("MONDAY.");
!
else if{day==3)
]
1
printf("TUESDAY.");
}
else if(day==4)
{
printf("WEDNESDAY.");
H
else if(day==5)
{
printf("THURSDAY.");
}
else if(day==6)
{
printf("FRIDAY.");
J
else if(day==7)
{
printf("SATURDAY."),
H
else
{
printf("INVALID DAY.");
}
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ase statement is a multi-branched statement which

Switch statement: A switch ¢
compares the value of a variable s specified in the cases. The switch
statement allows us to execute one

the same thing with the if...clse..if ladder.

to the value
code block among many alternatives. You can do

Syntax:
switch (Expression)

]
1
case Constant]: Statementl;

break;

case Constant2: Statement2;
break;

case ConstantN: StatementN;
break;

default: Default Statement;

}
Flow Chart:

Y

[—Evaluate E_\*pmssiou

‘Fa]se

Statementl

1

ﬁDefaull Statement ]

]
To next statement
(If Any)
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Program:
C program to print weekday based on given number using switch

#include<stdio.h>
void main()

{
int day;
printf("Enter day number: ");
scanf("%d", &day);
switch(day)
{
case 1: printf("SUNDAY.");
break;
case 2: printf("MONDAY.");
break;
case 3: printf("TUESDAY.");
break;
case 4: printf("WEDNESDAY.");
break;
case 5: printf("THURSDAY.");
break;
case 6: printf("FRIDAY.");
break;
case 7: printf("SATURDAY.");
break;
default: printf("INVALID DAY.");
break;
}
) .

C program to implement simple calculator using switch statement

#include<stdio.h>

void main()

{
float a,b, r;
char op;
printf(" Available Operations.\n");
print{("+ for Addition.\n");
printf("- for Subtraction.\n");
printf("* for Multiplication.\n");
printf("/ for Division.\n");
printf(" Which Operation?\n");
scanf("%c", &op);

d

V)

P
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switch(op)
{

case "' print{("Enter two numbers:\n");
scanl("%I%[" &a, &b);
r=atb;
print("%f + %f = %f", a, b, r);
break;

case =" print[("Enter two numbers:\n");
scanf("%I%(",&a, &b);
r=a-b;
print{("%f - %f = %", a, b, r);
break;

case "*"; printf{("Enter two numbers:\n");
scanf("%{%f" ,&a, &b);
r=a*b;
print{("%f * %f = %f", a, b, 1);
break;

case '/': printf("Enter two numbers:\n");
scanf("%{%f" ,&a, &b);
if(b!=0)
{

r=a/b;
printf("%f/%f = %f",a,b,r);

printf("Division not possible.");
}
break;
default: printf("Invalid Operation.");
break;

}

return(0);
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Important Questions

W

6.

8.
9.

. Differentiate assignment and Equality operators in C,
. Differentiate operator precedence and associativity.

. Write a program in C to claborate the use of logical AND logical OR

Operator in C,

. Define the term mixed operands in an arithmetic expression with few

examples.

Write a program in C to claborate the use of type casting

Explain various types of arithmetic operators in C language with.help of
example.

When precedence of two operators in an arithmetic expression is same,

how associativity helps in identifying which operator will be evaluated

first. Illustrate it with the example
Differentiate between implicit & Explicit type conversion.

What are operators? Mention different types of operators in C.

10.Correlate else if ladder switch case statement

11.Write a program that takes two operands and one operator from the user

and perform the operation and prints the result by using switch statement.

12.A certain grade of steel is graded according to the following conditions:

i. Hardness must be greater than 50
i1, Carbon content must be less than 0.7.

iii.  Tensile strength must be less than 5600

The grades are as follows:

Grade is 10 if all the three conditions are met.
Grade is 9 if condition (i) and (ii) are met
Grade is 8 if condition (ii) and (iii) are met
Grade is 7 if condition (i) and (iii) are met
Grade is 6 if only one condition is met.
Grade is 5 if none of the conditions are met.

Write a program, which will require the user to give values of
hardness, carbon content and tensile strength of the steel under
consideration and output the grade of the steel.
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Pyramids

3 | | 1 2 1 5 5
o5 22 12 23 34 01 54 44
i 333 123 4 56 4506 101 543 333
T 4444 1234 7 8910 50678 0101 5432 2222
Aawdx 55566 12345 1112131415 678910 - 10101 54321 11111
@) (b) (c) (d) ©) (0 () (h)
(a)

oain( )
int i,3,n;
princtf(*Enter n : *);
scanf (“%¢”, &n);
for(i=1;i<=n;i++)
(
Cfor(j=l;j<=1i;3++)
printf (v Mg
printf("\n");

(b) print the value of i

(c) print value of j

(d) take a variable p=1 write the printf statement as
printf("%3d",p++);

(e) print the value of i+j

(f) print 1if (itj) is even and print 0 if (i+]) is odd.

(g) print (n+ i-j)

(h) print (n+ i-i)
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okl k B & §5555 12345 54321

111131
>+ &0 4444 1234 5432 2222
¥ ¥ 333 - 123 543 333
** 22 V2 54 22
* 1 1 5 |
M 0 (k) ) (m)
()
for(i=n;i>=1;i--)
{ . "
for (j=1;3j<=1i;3++)
printf(** ™)
printf(“\n");
)
(j) printi
(k) print j
(1) print (n+ i-j)
(m) (n+ i-i)
(n)
for(i=1;i<=n;i++)
({
for(j=1;j<=n-i;j++)
pranweE ™ ™)
for(j=1l;Jj<=1i;j++)
printf{(**");
printf{(*\n”);
) :

*k
E®
LA b

LR

(n)

*
L

R

(0)

(0) The code for pyramid (0) is same as this one (n), only a space is given

after star in the printf statement
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* . * l

ook : ook ok 123
LA ok ok ok |2345
ook ok e e T EE RN 1234567
'TLLL Ll L) "EE R R RN R 123456789
(p) (q) (r)

First part __... * THO
e okp
e ok o ke
ek ok 3k sk
Sccond part

(p)

for (i=1l;i<=n;i++)
( )
for(j=l;j<=n-1;J++)
printf(™ ")
for(j=1;j<=1:3++)
printf (~*"~):
for(j=1:3<i;Jj++)
/ printE(~*")
priancfi*\n®);

(q) first for loop for spaces will be from 1 to 2*(n+1-i) and there will be a space
after star in the printf statements

(r) we'll initialize the value of p with 1 each time before second inner for loop;

and then
print the value of p++ in the last two for loops.
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Important Questions:
1. Differentiate between while and do-while loop.

2. Take the three digit number from the user then write a program to check entered number is
palindrome or not.

4. Write a program in C to generate the Fibonacci series up to the last Fibonacci number

less than 100. Also finds the sum of all Fibonacci numbers and total count of all Fibonacci
numbers.

5. Write a program in C to print the following pattern:

234567

6. Write the syntax format for while, do while and for loops. Write a program in C to
multiply a matrix of dimension 4*4 and store the result in another matrix.

7. Write a program in C to print following pattern with appropriate comments;
10
98
765
4321

8. Differentiate between call by value and call by reference. Write a program in that
computes the area and circumference of a circle with radius taken as input using call by
reference in functions

9. Write a recursive function in C, which takes an input from user to calculate a factorial
using the recursion concept

10. What do you mean by call by value and call by reference? Write an algorithm for
swapping two numbers using call by reference technique. Also write a C program for the

above stated algorithm

11. What is a function? Why programmers use functions in code? While executing a function,
how the values are passed between calling and called environment?
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// Program to find the average of n numbers using arrays

#include <stdio.h>

void main()

{

int marks[100], i, n, sum = 0, average;
printf("Enter number of elements: b
scanf("%d", &n);
for(i=0; i<n; i++)
{
printf("Enter number %d: ", 1);
scanf("%d", &marks[i]);
sum += marksl[i];
}
average = sum/n;
printf("Average = %d", average),

}

//Program to search for an item in the array*/
# include<stdio. h>

#define SIZE 10

void main ()

{
int i,arr[SIZE}={23,12,56,98,76,14,65,11,19,45};

int item;

printf ("Enter the item to be searched ") ;
scanf("%d", &item);

for(i=0; i<SIZE; i++)

{

if(item==4arr[i])

{

printf ("%d found at position %d\n", item, i);
break;

}
if (i==SIZE)
printf("Item %d not found in array\n" , item) ;

}
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program for multiplication of two matrices*/

f#include<ptdio.h>
#define ROW1l 3
#define CcoLl 4
#define ROW2 COL1
§define COL2 2
main( )

int macl{ﬁOWl]ICOLl],matZ[ROWZ}[COLZ],matafRow1]lcoin;

int 1.3.k:

printf(“Enter matrix mntl(%dx%dirow-wine
for(i1=0;i<ROW1l;i++)
for(j=0;j<COL1;j++)
scanf(‘%d'.&matlli][jl):

printf (“Enter matrix mat2(¥dxtd) row-wise

for(i=0;i<ROWZ;1i++)
for(j=0:3j<COL2;j++)
scanf ("%d”, &mat2(i) (J));

/j*Multiplication */
for(i=0;i<ROWl;i++)
for (j=0;3j<COL2;j++)

mat3(i)(3)=0:
for (k=0;k<COLLl;k=++)

mat3{i][j]c=mat1(i]!k]'mat2[k]{j]:

)

.\n”,ROW1,COL1);

.\n",ROW2,COL2) ;

printf (*The Resultant matrix mat3 is :\n");

for(iz=0; i<ROW1l;i+%)
(
for(j=0;3<COL2:j++)
p:intf(‘%Sd',ma:B[i][j]);
printf (*\n“);

Output:

Enter matrix mat](3xé)row-wise -
21473
5230l
31142

Enter matrix mat2(4x2)row-wise -
12

25
62
The Resultant matrix matd is -

34
55

26 34
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Program to find the tranpose of matrix
finclude<stdio.h>
fdefine ROW 3
tdefine coL ¢
main( )
{
int matl[ROW] (COL),mat2(COL] [ROW), 4, 9;
printf(“Enter matrix matl (tdx%d) row-wige

Eor(i-O;ifROW;i+¢}
for(j-O;jrCOL:j4')
scnnf:‘!d',&mntl[ii[j]l:

fnr(i=0,1<COL:iirl
Eor(3=0;j<row;j+1)
mat2 (i) (j)l=mat1(j)(i];

printf (“Tranpose of matrix is:\n");
for(i=0;i<COL;i++)

{
for(j=0;<ROW;j++)
Printf("%5d", mat2(i)[3));
printf(*"\n-);
)
}
Output:
Enter matrix matl(3x4) row-wise-
3215
6582
9341
Tranpose of matrix is-
J 6 9
&2 5 3
1 8 4
) 20 m

<t/

\n®,ROW, COL) ;
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4.3 Basic Algorithms
4.3.1 Searching &Basic Sorting Algorithms

Searching: Searching Algorithms are designed to check for an element or retrieve an element
from any data structure where it is stored. Based on the type of search operation, these
algorithms are generally classified into two categories:

i. Linear
. Binary

Sorting Algorithms: A Sorting Algorithm is used to rearrange a given array or list elements
in ascending or descending order. We will discuss following sorting algorithms

i.  Bubble
ii.  Insertion
iii.  Selection

4.3.1.1 Linear Scarch

Linear search is a very basic and simple search algorithm. In Linear search, we search an
clement or value in a given array by traversing the array from the starting, till the desired
element or value is found.

[t compares the element to be searched with all the elements present in the array and when
the element is matched successfully, it returns the index of the element in the array, else it
return -1.

Algo: Linear Search ( Array A, Value x)

Step 1: Setito 1

. i ?
Step 2: if i > n then go to step 7 FIndar g
0 1 2 3 4 5 6 7 8
Step 3: if A[i] = x then go to step 6 I 20|35|137140l4a5|50| 51| 55| 67
Step4: Setitoi+1 | I |
# = =
Step 5: Go to Step 2 Return 2

Step 6: Print Element x Found at index i and go to step 8
Step 7: Print element not found

Step 8: Exit
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// C Program to Implement Linear Search
#include <stdio.h>

void main()

i
t

int array | 10]. scarch, i;
printf{ "Enter number of elements in array\n");
for(i=0:1<10; i++)
scant{"%d", &array|i]);
printf{"Enter a number to scarch\n");
scanf{"%d". &scarch);

for (1 =0:i< 10; i++)
t
if (arrav[i] == search)

i
1

printf{"%d is present at location %d.\n", search, i);
break;

1
i

1
|
if i==10)
printf{"%d isn't present in the array.\n", search);

]
y

Complexity of algorithm

Complexity Best Case Average Case
Time O(1) O(n)
Space

Output

Enter number of elements in array
12

D

7

18

45

34

21

6l

9

10

Enter a number to search
21

21 is present at location 6.

Worst Case
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4.3.1.2 Binary Search Algorithm

Binary Scarch is applied on the sorted array or list of large size. It's time complexity of
O(log n) makes it very fast as compared to other sorting algorithms. The only limitation is
that the array or list of elements must be sorted for the binary scarch algorithm to work on it.

Following are the steps of implementation that we will be following:

I. Start with the middle element:

I the target value is cqual to the middle element of the array, then return the
index of the middle element.

o Il not, then compare the middle element with the target value,

If the target value is greater than the number in the middle index. then
pick the elements to the right of the middle index. and start with Step

* Ifthe target value is less than the number in the middle index. then
pick the elements to the left of the middle index, and start with Step 1.

2. When a match is found. return the index of the element matched.

3. Ifno match is found, then return -1

Item to be searched = 23

{ |}
Step 1 — , 5 l 7 l 8 13 “l 19 l 20 I 23 LZDJ
0 1 2 3 4 5 6 7 8
a [mid] = 13
13 <23
beg=mid+1=5
end ='s

mid = (beg +end)/i2=13/2=6

a [mid] = 20

20< 23

beg=mid+1=7

end=8

mid = (beg + end)i2=15/2=7

Step3 — 2 [ s [ 718 |1 w» EEEiE
0 1 2 3 4 S5 6 7 8
a[mid] = 23
23 =23
loc = mid

Return location 7
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#include <stdio.h>
void main()

{
int ¢, first, last, middle, n, search, array[100]:
print{{"Enter number of elements\n");
scanf("%d", &n);
intf{"Enter %d integers\n”, n); S
printi( ' k BEASME Ty Enter number of elements
for (¢ =0; ¢ <n; ct+) 5
scanf{"%d", &array(c]); Enter § integers
printf("Enter value to find\n"); 45
scanf("%d", &scarch); 56
first = 0; 67
last=n-1; 78
middle = (first+last)/2; 89
while (first <= last) Enter value to find
( 67
. . d at location 2.
if (array[middle] < search) 67 foygreil pefition
first = middle + 1;
else if (array[middle] == search)
{
printf{("%d found at location %d.\n", search, middle);
break;
H
else
last = middle - 1;
middle = (first + last)/2;
}
if (first > last)
printf("Not found! %d isn't present in the list.\n", search);
}
Complexity
Fi RN Performance Complexity
',, & OF
| Worst case ; ' O(log n)
2 ~ Bestcase L0l
3 Average Case O(log n)
4 Worst case space complexity o(1)
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4.3.1.3 Bubble Sort Algorithm
Bubble Sort is a simple algorithm which is used to sort a given set of n elements

provided in form of an array with n number of clements. Bubble Sort compares all the
clement one by one and sort them based on their values.

Following are the steps involved in bubble sort(for sorting a given array in ascending order):

I. Starting with the first element(index = 0). compare the current clement with the next
clement of the array.,

(]

[f the current element is greater than the next element of the array, swap them.

[I'the current element is less than the next clement. move to the next clement. Repeat
Step 1.

wd

-
3

Let's consider an array with values {5,1.6,2.4.3}

5>1
so interchange

N
H
w

No s:r:?)ping @ @ b
A\

6>2
so interchange l1 5 @@ 413 This is first insertion

NS

6>4 ]
so interchange 1 f ] @@ )
| —
\/ similarly, after all the

iterations, the array

& /‘\ gets sorted
so interchange e By B @
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Program: Simple C program for bubble sort

#include <stdio.h>
void bubbleSort(int arr[], int n)
{
int i, j, temp;
for(i=0;i<n;it++)
|
for(j = 0; j < n-i-1; j++)
{
if( arr[j] > arr[j+1])
{
// swap the elements
temp = arr[j];
arrfj] = arr[j+1];
arr[j+1] = temp;
}
}
}

// print the sorted array
printf("Sorted Array: ");
for(i=0;i<n;it+)

printf("%d ", arr[i]);
}
H

int main()

{
int arr[100], i, n, step, temp;
// ask user for number of elements to be sorted
printf("Enter the number of elements to be sorted: ");
scanf("%d", &n);
// input elements if the array
for(i = 0; i <n; it+)

printf("Enter element no. %d: ", it1);
scanf("%d", &arr[i]);

// call the function bubbleSort
bubbleSort(arr, n);
return 0;

}

Complexity for the Bubble Sort algorithm.
e Worst Case Time Complexity: O(n2)
e Best Case Time Complexity: O(n)
o Average Time Complexity: O(n2)
e Space Complexity: O(1)

Output:

Enter the number of elements to be sorted:
5

Enter element no. 1: 67

Enter element no. 2: 78

Enter element no. 3: 79

Enter element no. 4: 8

Enter element no. 5: 5

Sorted Array: 5 8 67 78 79
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4.3.1.4 Insertion Sort Algorithm:
Consider you have 10 cards out of a deck of cards in your hand. And they are sorted, or

arranged in the ascending order of their numbers. If 1 give you another card, and ask you to
insert the card in just the right position, so that the cards in your hand are still sorted. What

will you do?

Well. you will have to go through each card from the starting or the back and find the

right position for the new card, comparing it's value with each card. Once you find the right

position, you will insert the card there.

Following are the steps involved in insertion sort:

1.

19

-
J.

We start by making the second element of the given array, i.e. element at index i,
the key. The key element here is the new card that we need to add to our existing
sorted set of cards(remember the example with cards above).
We compare the key element with the element(s) before it, in this case, element at
index 0:
o Ifthe key element is less than the first element, we insert the key element
before the first element.
o Ifthe key element is greater than the first element, then we insert it after the
first element.
Then. we make the third element of the array as key and will compare it with
elements to it's left and insert it at the right position.

4. And we go on repeating this, until the array is sorted.
Let's consider an array with values {35, 1. 6, 2, 4, 3}

start with second
element as key

I
[eTade]=T<]>]

1<5

Reached the fmnf,_L‘:E—H 6 , 2 J 4 ! 3 ]

insert 1 here

6>1 6>5

HBRonnn

(No change In order)

2>1 2<5 2<6

£ £33
il Mt f=J s | : (@ «[2] =imuriedbotores

4>2 4<6 4<6
[T o) a1 zomm |
(4 inserted before
l E I = [‘] 5 ' s L"j 3 ' 6 and after 2)
3I»>2 J<4 3I<5 3I<6

¢ W W)
CI8 s [ [ [B] ©rammuaserr

I 1 ] 2 l 3 ] 4 ] & ITI [Array sorted ]
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Program: C program to implement Insertion Sort

#include<stdio.h>
void main()

{

int i, j, count, temp, number[25];

printf("How many numbers u are going to enter?: "),

scanf("%d".&count);

printf("Enter %d clements: " count);

// This loop would store the input numbers in array

for(i=0:i<count;i++)
scanf("%d",&number[i]);

/! Implementation of insertion sort algorithm
for(i=1:i<count;i++){
temp=numberli];
j=i-13
whilc((lcmp<number[j])&&(j>=0)){
number{j+1]=number[j];
=L
}
number[j+1]=temp;
}
printf("Order of Sorted elements: ");
for(i=0;i<count;i++)
printf(" %d",numberfi]);
}
Complexity
e Worst Case Time Complexity: O(n2)
e Best Case Time Complexity: O(n)
o Average Time Complexity: O(n2)
e Space Complexity: O(1)

Butpul:

How many numbers u are going to enter?: 5
Enter 5 elements: 34

43

23

12

54

Order of Sorted elements: 1223 34 43 54
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4.3.1.5 Selection Sort Algorithm:

This algorithm will first find the smallest element in the array and swap it with the element in
the first position, then it will find the second smallest element and swap it with the element in
the second position, and it will keep on doing this until the entire array is sorted.

It is called sclection sort because it repeatedly selects the next-smallest element and swaps it
into the right place.

Following are the steps involved in selection sort(for sorting a given array in ascending
order):

1. Starting from the first element, we search the smallest element in the array, and
replace it with the element in the first position.

1o

We then move on to the second position, and look for smallest element present in the
subarray. starting from index 1, till the last index.

3. We replace the element at the second position in the original array, or we can say at
the first position in the subarray. with the second smallest element.

4. This is repeated, until the array is completely sorted.
Let's consider an array with values {3. 0, 1. 8.4, 5}

Below, we have a pictorial representation of how selection sort will sort the given array.

Original After 1st After 2nd After 3rd After 4th After 5th
Array pass pass pass pass pass

3 @ 1 1 1 1
® 3 3 3

@ -
® ¢
—
®

[+
(=]
L= ]
[--]
(4]
(4]

‘ ‘ ® 6 ® 6
; ; ; ® ; ;
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Program: C program implementing Selection Sort
#include <stdio.h>

void main()

{

int a[100], n, i, j, position, swap;
printf("Enter number of elements\n");
scanf("%d". &n):

printf("Enter %d Numbers\n", n);
for (i=0;1<n;itt)
scanf("%d", &al[i]);
for(i=0:i<n-1;it+)

{

position=i;
forG=1i+1;j<n;j++)

{

if(a[position] > a[j])

position=j;

}

if(position != 1)

{

swap=ali];

a[i]=a[position];
a[position]=swap;

}

}
printf("Sorted Array\n");

for(i=0: 1 <n; i++)
printf("%d\n", a[i]);

}
Complexity Analysis of Selection Sort

e Worst Case Time Complexity :0(n?)
e Best Case Time Complexity : O(n?)
e Average Time Complexity :0(n’)

e Space Complexity: O(1)

Output

Enter number of elements
5

Enter 5 Numbers
34

54

21

23

67

Sorted Array

21

23

34

54

67
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4.3.2 Roots of a Quadratic Equation

The standard form of a quadratic equation is:
ax? + bx + ¢ = 0, where
a, b and c are real numbers and
al=0
The term b?-4ac is known as the discriminant of a quadratic equation. It tells the nature of the
roots.
The nature of the roots depends on the Discriminant (D) where D is.
e [fD> 0, the roots are real and distinct (unequal)
e If D =0, the roots are real and equal.
e IfD <0, the roots are real and imaginary.

b + V(b%- 4ac)

rootl =

2a
If the discriminant » 0,
-b - V(b%- 4ac)
root2 =
2a
B S .5 -b
If the discriminant = 0, rootl = root2 = 2—
a
b i J-(bz— 4ac)
root! = — +
2a 2a
If the discriminant < 0,
. 2
PRI -b i V-(b - 4ac)

2a 23
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Program: Program to Find Roots of a Quadratic [Equation
#include <math.h>
#include <stdio.h>
int main() {
double a, b, ¢, discriminant, root1, root2, realPart, imagPart;
printf("Enter coeflicients a, b and ¢: ");
scanf{("%I1 %lf %I, &a, &b, &c);
discriminant=b*b-4*a*¢;
// condition for real and different roots
if (discriminant > 0) {
rootl = (-b + sqri(discriminant)) / (2 * a);
root2 = (-b - sqrt(discriminant)) / (2 * a);
printf("root] = %.2If and root2 = %.2If", root1, root2);
!
// condition for real and equal roots
else if (discriminant == 0) {
rootl =root2=-b/ (2 * a);
printf{"root1 = root2 = %.2If;", root1);
}
//'if roots are not real
else {
realPart =-b /(2 * a);
imagPart = sqrt(-discriminant) / (2 * a);
printf("root] = %.21f+%.21fi and root2 = %.2f-%.2fi", realPart, imagPart, realPart,
imagPart);
}

return 0;

Output

Enter coeflicients a, b and ¢: 2.3
4

5.6
root] = -0.87+1.30i and root2 = -0.87-1.30i
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4.3.3 Notion of order of complexity

While analysing an algorithm, we mostly consider time complexity and space complexity.
Time complexity of an algorithm quantifies the amount of time taken by an algorithm to run
as a function of the length of the input. Similarly, Space complexity of an algorithm
quantifics the amount of space or memory taken by an algorithm to run as a function of the
length of the input.
Time and space complexity depends on lots of things like hardware, operating system,
processors, cte. However, we don't consider any of these factors while analyzing the
algorithm. We will only consider the execution time of an algorithm.
Usually, the complexity required by an algorithm falls under three types —

e Best Case — Minimum time required for program exccution.

e Average Case — Average time required for program exccution.

e Worst Case — Maximum time required for program execution,

Asymptotic Notations

Following are the commonly used asymptotic notations 1o calculate the running time

complexity of an algorithm.
e O Notation: The notation O(n) is the formal way to express the upper bound of an

algorithm's running time. It measures the worst-case time complexity or the longest

amount of time an algorithm can possibly take to complete.
Q Notation: The notation €(n) is the formal way to express the lower bound of an

L ]
algorithm's running time. It measures the best-case time complexity or the best
amount of time an algorithm can possibly take to complete.

e 0 Notation: The notation 0(n) is the formal way to express both the lower bound and

the upper bound of an algorithm's running time. Big-© notation is like the average
value or range within which the actual time of exccution of the algorithm will be.

Following is a list of some common asymptotic notations —

constant o(1)
logarithmic O(log n)
lincar O(n)

nilogl O(n log n)
quadratic O(n?)
cubic o)
polynomial e
exponential 20(n)
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C String Functions

C supports a wide range of functions that manipulate null-terminated strings

Sr. Function & Purpose

No.

1 strepy(sl, s2); Copies string s2 into string s1.

2 streat(s1, s2); Concatenates string s2 onto the end of string s1.

3 strlen(s1); Returns the length of string s1.

4 stremp(sl, s2); Returns 0 if s1 and s2 are the same; less than 0 if sl<s2; greater than 0 if sI>s2.
5 strchr(sl, ch); Returns a pointer to the first occurrence of character ch in string sl.

e strstr(sl, s2); Returns a pointer to the first occurrence of string s2 in string s1.

#include <stdio.h> |
#include <string.h>

int main () {

char strl[12] = "Hello";
char str2[12] = "World";
char str3[12];

int len; -

/* copy strl into str3 */
strepy(str3, strl);
printf("strepy( str3, strl) : %s\n", str3 );

/* concatenates strl and str2 */
| strcat( strl, str2);
printf("streat( strl, str2): %s\n", strl );

/* total lenghth of strl after concatenation */
len = strlen(strl);
printf(“strlen(strl) : %d\n", len );

return 0;

}

Output:

strepy( str3, strl) : Hello
strcat( strl, str2): HelloWorld
strlen(strl) : 10
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/* C Program to Count Vowels and Consonants in a String */
#include <stdio.h>
int main()
{
char str[100];
int i, vowels, consonants;
i = vowels = consonants = 0;

printf("\n Please Enter any String : "),
gets(str);

while (str[i] 1="0")
1 if(str[i] =="a' || ste[i] =="¢' || str[i] =="i' || str[i] == "0" || str[i] == "u' ||
str[i] =="A"|| ste[i] =="E'|| ste[i] =="T"|| str[i] =="O" || str[i] == "U")

{
vowels++;
}
else
consonants++;
1+
}

printf{"\n Number of Vowels in this String = %d", vowels);
printf("\n Number of Consonants in this String = %d", consonants);

return 0;

Hello world

Number of Vowels in this String = 3

NHumber of Consonants in this String = 8

//Program to reverse a String
#include <stdio.h>
int main()
{
char str[1000], rev[1000];
int 1, j, count = 0;
scanf("%s", str);
printf("\nString Before Reverse: %s", str);
//finding the length of the string
while (str[count] !="0")

{
count++; OuTtpuT:
j=count- 1; Hello

/freversing the string by swapping
for (i = 0; i < count; i++)

String Before Reverse: Hello

Fev[i] = str[jl;

1= String After Reverse: olleH

printf("\nString After Reverse: %s", rev);
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4.5 Structure

Structure in ¢ is o user-defined data type that enables us to store the collection of different
data types. Each element of a structure is called a member, The, struct keyword is used to
define the structure. Let's see the syntax to define the structure in c.
Syntax:
struct structure_name
{

data_type memberl;

data_typc member2;

data_type memeberN;

15

Example
struct employce
{ intid;
char name[10];
float salary;
I
The following image shows the memory allocation of the structure employee that is defined
in the above example.

1000 1004 1014 1018

TTT] B

intid char Name[10] float salary
struct Employee sizeof (emp) = 4+ 10+ 4 =18 bytes
———> 1 byte
Int Id; where; vt
char Name[10]; sizeof (Int) = 4 byte
float salary; sizeof (char) = 1 byte
} emp; sizeof (float) = 4 byte

Declaring structure variable
e By struct keyword within main() function
e By declaring a variable at the time of defining the structure.
Ist way:
struct employece
{ intid;
char name[50];
float salary;
1
Now write given code inside the main() function.
struct employee el, €2,

2nd way:
struct employee
{ intid,
char name[50];
float salary;
lel,e2;
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//Program: Write a C program to read and print employce details using structure
#include<stdio.h>
#include <string.h>
struct employee
{ intid;
char name[50];
float salary;
vel,c2: //declaring el and e2 variables for structure
int main( )
{
//store first employee information
cl.id=101;
strepy(el.name, "Sandeep")://copying string into char array
cl.salary=156000;

//store second employee information
¢2.id=102;

strepy(e2.name, "Ravi");
e2.salary=126000;

//printing first employee information

printf( "employee 1 id : %d\n", el.id);

printf( "employee 1 name : %s\n", el.name);
printf( "employee 1 salary : %f\n", el.salary);

//printing second employee information
printf( "employee 2 id : %d\n", e2.id);

printf( "employee 2 name : %s\n", €2.name);
printf( "employee 2 salary : %f\n", e2.salary);
return 0;

}
Output:

employee 1 id : 101

employee 1 name : Sandeep
employee 1 salary : 156000.000000
employee 2 id : 102

employee 2 name : Ravi

employee 2 salary : 126000.000000
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//Program of an array of structures that stores information of 5 students and prints it.
#include<stdio.h>

#include <string.h>

struct student{

int rollno;

char name[10];

5

int main(){

inti;

struct student st[S];

print{{("Enter Records of 5 students");

for(i=0:1<S:14++){

printf{"\nEnter Rollno:"):

scanf("%d".&st[i].rollno):

printf{"\nEnter Name:");

scanf("%s".&st[i].name);

}

printf("\nStudent Information List:");

for(i=0:1<5:1++){

printf("\nRollno:%d, Name:%s" st[i].rollno,st[i].name);

}

return 0;

}

Output:

Enter Records of 5 students
Enter Rollno:1
Enter Name:Sonoo
Enter Rollno:2
Enter Name:Ratan
Enter Rollno:3
Enter Name:Vimal
Enter Rollno:4
Enter Name:James
Enter Rollno:5
Enter Name:Sarfraz

Student Information List:
Rollno:1, Name:Sonoo
Rollno:2, Name:Ratan
Rollno:3, Name:Vimal
Rollno:4, Name:James
Rollno:5, Name:Sarfraz
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Nested Structure in C

C provides us the feature of nesting one structure within another structure by using which, complex
data types are created. For example, we may need to store the address of an entity employee in a
structure. The attribute address may also have the subparts as strect number, city, state, and pin code.
Hence. to store the address of the employee, we need to store the address of the employee into a
separate structure and nest the structure address into the structure employee.

#include<stdio.h>

struct address

f
1

char city[20]:
int pin;
char phone[14];
I
struct employee
{
char name[20];
struct address add;
%
void main () -
{
struct employee emp;
printf("Enter employee information?\n");
scanf("%s %s %d %s" ,emp.name,emp.add.city, &emp.add.pin, emp.add.phone);
printf("Printing the employee information....\n");
printf("name: %s\nCity: 24s\nPincode: %dinPhone: %os", cmp.namc.cmp.add.cily,cmp.add.pin.cmp.add.phone):

Output

Enter employee information?
Arun

Delhi

110001

1234567890

Printing the employee information....
name: Arun

City: Delhi

Pincode: 110001

Phone: 1234567890
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g

4.6 Union

Union in ¢ language is a user-defined data type that is used to store the different type of

clements.

n can occupy the memory. [n other words, we can say

At once, only one member of the unio
I to the size of its largest clement.

that the size of the union in any instance is equa
Structure Union

union Employee{

char x; // size 1 byte
inty; /fsize 2 byte

float z; //size 4 byte
Ye1;llsize of el =4 byte

struct Employee{

char x; // size 1 byte
inty; /size 2 byte

float z; /isize 4 byle
Je1; lisize of e1 =7 byte

sizeofel=1+2+4=7 size of e1= 4 (maximum size of 1 element)
Defining union -
The union keyword is used to define the union. Let's see the syntax to define union in c.

union union_name

{

data_type memberl;
data_type member2;

data_type memeberN;

b
Example

union employee
int id;
char name[50];
float salary;

35

Program: Simple example of union in C language.

#include <stdio.h>
#include <string.h>
union employee
int id;
char name[50];
Jel; //declaring el variable for union

int main( )

{

//store first employee information

el.id=101;

strcpy(el.name, "Sonoo Jaiswal")://copying string into char array
/fprinting first employee information

printf( "employee 1 id : %d\n", el.id);

printf( "employee 1 name : %s\n", el.name);

return 0;
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Difference between Structure and Union

Structurce

You can use a struct keyword to define a
structure.

Every member within structure is assigned a
unique memory location.

Changing the value of one data member will
not affect other data members in structure.

It enables you to initialize several members
at once.

The total size of the structure is the sum of
the size of every data member.

It is mainly used for storing various data
types.

It occupies space for each and every
member written in inner parameters.

You can retrieve any member at a time.

It supports flexible array.

Union

You can use a union keyword to define a union.

[n union, a memory location is shared by all the
data members.

Changing the value of one data member will
change the value of other data members in union.

It enables you to initialize only the first member of
union.

The total size of the union is the size of the largest
data member.

It is mainly used for storing one of the many data
types that are available.

It occupies space for a member having the highest
size written in inner parameters.

You can access one member at a time in the union.

It does not support a flexible array.
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Important Questions

1.

(¥

10.

What is an array? In which situation array is advantageous over linked list?

Write an algorithm to find second largest clement in an array.

Differentiate structure with union.

Create a suitable structure in C language for keeping the records of the employees of an
organization about their code, Name, Designation, Salary, Department, City of posting.
Also write a program in C to enter the records of 100 employees and displays the name
of those who earn more than 20,000.

Write a program in C to input two 3x3 matrix from the user and print multiplication as
the result in matrix form.

Write a program that prints the real roots of a quadratic equation. Also draw flowchart
for the same.

What do you mean by sorting? Write a program in C to sort “n” positive integers using
bubble sort. Also draw the flow chart for the same.

Explain linear search and binary search technique for searching an item in a given array.
Also write the complexity for each searching technique

Explain Selection sort technique for sorting problem. Also write an algorithm for
selection sort. Sort the following numbers using selection sort technique.
26,54,93,17,77,31,44,55,20

What do you mean by order of complexity? Explain various notions to represent order of

complexity with diagram.

www.universityacademy.in Page 130 of 152



Unit -V
Pointer & File Handling

5.1 Pointer:

C programming tasks are performed more easily with pointers, and other tasks, such as
dynamic memory allocation, cannot be performed without using pointers. Every variable is a
memory location and every memory location has its address defined which can be accessed
using ampersand (&) operator, which denotes an address in memory.

#include <stdio.h>

int main () {
int varl,
char var2[10];
printf("Address of varl variable: %x\n", &varl ); Output:
printf( ,.Address of var2 variable: %x\n", &var2 ); Address of var] variable: bffSa400
return 0; Address of var2 variable: bff5a3f6

¥

A pointer is a variable whose value is the address of another variable, i.e., direct address of
the memory location. Like any variable or constant, you must declare a pointer before using it
to store any variable address

type *var-name;
here type is the pointer's base type
The asterisk * used to declare a pointer
var-name is the name of the pointer variable

int *ip; /* pointer to an integer */
double *dp; /* pointer to a double */
float *fp; /* pointer to a float */

char *ch /* pointer to a character */

5.1.1 How to Use Pointers?

(a) We define a pointer variable,

(b) assign the address of a variable to a pointer and

(c) finally access the value at the address available in the pointer variable.

#include <stdio.h>
int main () {
int var =20; /* actual variable declaration */
int *ip; /* pointer variable declaration */
ip = &var; /* store address of var in pointer variable*/
printf(" Address of var variable: %x\n", &var );

printf(" Address stored in ip variable: %x\n", ip ); Output

printf("Value of *ip variable: %d\n", *ip ); Address of var variable: bffd8b3c

return 0; Address stored in ip variable: bffd8b3c
b Value of *ip variable: 20
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5.1.2 NULL Pointers: Itis always a good practice to assign a NULL value to a pointer
variable in case you do not have an exact address to be assigned. This is done at the time of
variable declaration. A pointer that is assigned NULL is called a null pointer.

#include <stdio.h>
int main () {
int *ptr = NULL;
printf("The value of ptr is : %x\n", ptr );
return O;
}
When the above code is compiled and executed, it produces the following result —
The value of ptris 0

Example-1:

#include <stdio.h>

int main()
{ . Output
Int* pc, c; of c: Ox7fff47e7a77c
c=22 Value of c: 22
printf("Address of c: %p\n”, &c); Address of pointer pc: Ox7fff47e7a77c
printf("Value of c: %d\n\n", c); Content of pointer pc: 22
pc = &c; Address of pointer pc: Ox7fff47e7a77c

printf("Address of pointer pc: %p\n™, pc);
printf("Content of pointer pc: %d\n\n", *pc);
c=11; Address of ¢: 0x7fff47e7a77c
printf("Address of pointer pc: %p\n*, pc);
printf("Content of pointer pc: %d\n\n", *pc); *pc = 2;
printf("Address of c: %p\n", &c);

printf("Value of c: %d\n\n", c); // 2

return O;

Content of pointer pc: 11

Value of ¢: 2

5.1.3 Pointer Arithmetic
All types of arithmetic operations are not possible with pointers. The only valid operations
that can be performed are as
i.  Addition of an integer to a pointer and increment operation.

ii.  Subtraction of an integer from a pointer and decrement operation

iii.  Subtraction of a pointer from another pointer of same type.
Pointer arithmetic is somewhat different from ordinary arithmetic. Here all arithmetic is
performed relative to the size of base type of pointer. For example, if we have an integer
pointer pi which contains address
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e 1000 then on incrementing we get 1002 instead of 1001. This is because the size of
int data type is 2.

e Similarly on decrementing pi, we will get 998 instead of 999.

® The expression (pi+3) will represent the address 1006.

Examples

inta=>5, *p = &a;

float b = 2.2, *pf = &b;

char ¢ ='X', *pc= &c;

Suppose the address of variables a, b and c are 1000, 4000 ,5000 respectively, so initially
values of

pl, p2, p3 will be 1000, 4000 and 5000.

Py, or ++piy p1 =1000 + 2 = 1002 (Since int is of 2 bytes)
p1 = pi1-3; . p1 =1002 - 3*2 = 996

pt = pit5; p1 =996 + 5*2 = 1006

pi- -, or --pt;  pr =1006 - 2 = 1004

pf++; or ++pf;, pf = 4000 + 4 = 4004 (Since float is of 4 bytes)
pf = pf-3; pf = 4004 — 3%4 = 3992

pf = pf+5; pf = 3992 + 5*4 = 4012

pf- -; or --pf; pf=4012 - 4 = 4008

pctt; or ++pc; pc = 5000 + 1= 5001 (Since char is of 1 byte)
pc = pc-3; pc = 5001 J = 4998

pc = pc+S5; pc = 4998 + 5 = 5003

pc- - or --pc; pc= 5003 - 1 = 5002

Dynamic memory allocation in C

The concept of dynamic memory allocation in ¢ language enables the C programmer to
allocate memory at runtime. Dynamic memory allocation in ¢ language is possible by 4
functions of stdlib.h header file.

i.  malloc()
ii.  calloc()
iii.  realloc()

iv. free()

Static memory allocation dynamic memory allocation
memory is allocated at compile time. ~ memory is allocated at run time.

memory can't be increased while memory can be increased while executing program.
executing program.

used in array. used in linked list.
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I. C malloc()
The name "malloc” stands for memory allocation. The malloc() function reserves a block of
memory of the specified number of bytes. And, it returns a pointer of void which can be
casted into pointers of any form.

Syntax of malloc()

ptr = (castType*) malloc(size);
Example
ptr = (float*) malloc(100 * sizeof(float));

The above statement allocates 400 bytes of memory.

ii. C calloc()
The name "calloc" stands for contiguous allocation. The malloc() function allocates memory
and leaves the memory uninitialized. Whereas, the calloc() function allocates memory and
initializes all bits to zero.

Syntax of calloc()

ptr = (castType*)calloc(n, size);
Example:
ptr = (float*) calloc(25, sizeof(float));

The above statement allocates contiguous space in memory for 25 elements of type floatc
iii. free()

Dynamically allocated memory created with either calloc() or malloc() doesn't get freed on
their own. You must explicitly use free() to release the space.

Syntax of free()
free(ptr);

This statement frees the space allocated in the memory pointed by ptr.

Example 1: malloc() and free()

// Program to calculate the sum of n numbers entered by the user
#include <stdio.h>

#include <stdlib.h>

int main()

{

int n, i, *ptr, sum = 0;
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printf("Enter number of elements: ");
scanf("%d", &n);
ptr = (int*) malloc(n * sizeof(int));
/I if memory cannot be allocated
if(ptr == NULL)
{
printf("Error! memory not allocated.");
exit(0);
}
printf("Enter elements: "');
for(i = 0; i <n; ++i)
{
scanf("%d", ptr + i);
sum +=*(ptr + i);

¥
printf("Sum = %d", sum);

/I deallocating the memory
free(ptr);
return O;

¥

Example 2: calloc() and free()

Output:
Enter number of elements: 5
Enter elements: 4

// Program to calculate the sum of n numbers entered by the user

#include <stdio.h>
#include <stdlib.h>
int main()
{
int n, i, *ptr, sum = 0;
printf("Enter number of elements: ");
scanf("%d", &n);
ptr = (int*) calloc(n, sizeof(int));
if(ptr == NULL)
{
printf("Error! memory not allocated.");
exit(0);
}
printf("Enter elements: "');
for(i = 0; i <n; ++i)
{
scanf("%d", ptr + i);
sum +=*(ptr + i);

}

printf("Sum = %d", sum);
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Enter number of elements: 5
Enter elements: 4
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free(ptr);
return O;

¥

iv. C realloc()

If the dynamically allocated memory is insufficient or more than required, you can change
the size of previously allocated memory using the realloc() function.

Syntax of realloc()

ptr = realloc(ptr, x);

Here, ptr is reallocated with a new size x.
Example

#include <stdio.h>
#include <stdlib.h>
int main()
{
int *ptr, i, nl, n2;
printf("Enter size: ");
scanf("%d", &nl);
ptr = (int*) malloc(nl * sizeof(int));
printf("Addresses of previously allocated memory: ");
for(i = 0; i <nl; ++i)
printf("%u\n",ptr + i);
printf("\nEnter the new size: ");
scanf("%d", &n2);
I/ rellocating the memory
ptr = realloc(ptr, n2 * sizeof(int));
printf("Addresses of newly allocated memory: ");
for(i=0; i <n2; ++i)
printf("%u\n", ptr + i);
free(ptr);
return O;

¥

Output

Enter size: 2

Addresses of previously allocated
memory:26855472

26855476

Enter the new size: 4
Addresses of newly allocated
memory:26855472
26855476

26855480

26855484
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5.2 Use of pointers in self-referential structures
Self Referential structures are those structures that have one or more pointers which point to
the same type of structure, as their member.

struct node {
int datal;
char data2;
struct node* link;

}

int main()

{

struct node ob;
return O;

¥

In the above example ‘link’ is a pointer to a structure of type ‘node’. Hence, the structure
‘node’ is a self-referential structure with ‘link’ as the referencing pointer.

5.2.1 Types of Self Referential Structures

Self Referential Structure with Single Link: These structures can have only one self-
pointer as their member. The following example will show us how to connect the
objects of a self-referential structure with the single link and access the corresponding

data members. The connection formed is shown in the following figure.

10 20 - 30 40 X

obl oh2

Self Referential Structure with Multiple Links: Self referential structures with
multiple links can have more than one self-pointers. Many complicated data structures
can be easily constructed using these structures. Such structures can easily connect to
more than one nodes at a time. The following example shows one such structure with

more than one links.

I e — O B e —— N I Y

ob1 ob2 ob3
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/[Program to understand Self Referential Structures

#include <stdio.h>

struct node {

int datal;

char data?;

struct node* link;

h

int main()

{

struct node ob1; // Nodel

// Initialization

obl.link = NULL;

obl.datal = 10;

obl.data2 = 20;

struct node ob2; // Node2

Il Initialization

ob2.link = NULL;

ob2.datal = 30;

ob2.data2 = 40;

// Linking ob1 and ob2
obl.link = &ob2;

Il Accessing data members of ob2 using obl
printf("%d", obl.link->datal);
printf(*\n%d", ob1.link->data2);
return 0;

}
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5.2.2 Linked List

Linked List can be defined as collection of objects called nodes that are randomly stored in

the memory.A node contains two fields i.e. data stored at that particular address and the

pointer which contains the address of the next node in the memory. The last node of the list

contains pointer to the null.

Head data link Tail

» 28 NULL «~—

(End of the list)
Node

Uses of Linked List

The list is not required to be contiguously present in the memory. The node can reside
any where in the memory and linked together to make a list. This achieves optimized
utilization of space.

list size is limited to the memory size and doesn't need to be declared in advance.
Empty node can not be present in the linked list.

We can store values of primitive types or objects in the singly linked list.

Why use linked list over array?

Till now, we were using array data structure to organize the group of elements that are to be
stored individually in the memory. However, Array has several advantages and disadvantages
which must be known in order to decide the data structure which will be used throughout the
program.

The size of array must be known in advance before using it in the program.

Increasing size of the array is a time taking process. It is almost impossible to expand
the size of the array at run time.

All the elements in the array need to be contiguously stored in the memory. Inserting
any element in the array needs shifting of all its predecessors.
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5.3. File management

A File can be used to store a large volume of persistent data. Like many other
languages 'C' provides following file management functions,

I.  Creating a new file
ii.  Opening an existing file
iii.  Closing a file
iv. Reading from and writing information to a file

functions available in 'C

function purpose

fopen () Creating a file or opening an existing file

fclose () Closing a file

fprintf () Writing a block of data to a file

fscanf () Reading a block data from a file

getc () Reads a single character from a file

putc () Writes a single character to a file

getw () Reads an integer from a file

putw () Writing an integer to a file

fseek () | Sets the position of a file pointer to a specified location
|

ftell () Returns the current position of a file pointer

rewind () Sets the file pointer at the beginning of a file

5.3.1 Creating or opening file using fopen()

The fopen() function is used to create a new file or open an existing file in C.The fopen
function is defined in the stdio.h header file.

Now, lets see the syntax for creation of a new file or opening a file
FILE *ptr;
ptr = fopen(“file_name”, “mode”)

Eg.

ptr=fopen("E:\\cprogram\\newprogram.txt","w");
ptr=fopen("E:\\cprogram\\oldprogram.bin","rb");
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Opening Modes in Standard 1/0

Mode | Meaning of Mode During Inexistence of file
r Open for reading. If the file does not exist, fopen() returns NULL.
rb Open for reading in binary mode. If the file does not exist, fopen() returns NULL.
w Open for writing. If the file exists, its contents are overwritten.
If the file does not exist, it will be created.
wb Open for writing in binary mode. If the file exists, its contents are overwritten.
If the file does not exist, it will be created.
a Open for append. If the file does not exist, it will be created.
Data is added to the end of the file.
ab Open for append in binary mode. If the file does not exist, it will be created.
Data is added to the end of the file.
r+ Open for both reading and writing. If the file does not exist, fopen() returns NULL.
rb+ Open for both reading and writing in If the file does not exist, fopen() returns NULL.
binary mode.
w+ Open for both reading and writing. If the file exists, its contents are overwritten.
If the file does not exist, it will be created.
wb+ | Open for both reading and writing in If the file exists, its contents are overwritten.
binary mode. If the file does not exist, it will be created.
a+ Open for both reading and appending. | If the file does not exist, it will be created.
ab+ | Open for both reading and appending | If the file does not exist, it will be created.

in binary mode.

5.3.2 Closing a File

The file (both text and binary) should be closed after reading/writing. Closing a file is
performed using the fclose() function.

fclose(ptr);

Here, ptr is a file pointer associated with the file to be closed.
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5.3.3 Reading and writing to a text file For reading and writing to a text file, we use the
functions fprintf() and fscanf(). They are just the file versions of printf() and scanf(). The
only difference is that fprint() and fscanf() expects a pointer to the structure FILE.

Example 1: Write to a text file
#include <stdio.h>
#include <stdlib.h>
int main()
{
int num;
FILE *fptr;
I use appropriate location if you are using MacOS or Linux
fptr = fopen("C:\\program.txt","w");

if(fptr == NULL)

{ Output
E)r(li:g();Error! ) Enter num: 2
}
printf("Enter num: "); —
scanf("%d",&num); C-\program ixt 3
fprintf(fptr,"%d",num); 2
fclose(fptr);
return O;
}

Example 2: Read from a text file
#include <stdio.h>
#include <stdlib.h>
int main()
{
int num;
FILE *fptr;
if ((fptr = fopen("C:\\program.txt”,"r")) == NULL){ m
printf("Error! opening file");

/I Program exits if the file pointer returns NULL.

exit(1); Output
}
fscanf(fptr,"%d", &num); Value of n=2
printf("Value of n=%d", num);
fclose(fptr);
return O;
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[*Write a C program to read numbers from a file and write even, odd and prime numbers in
separate files.*/
#include <stdio.h>
void main() {
FILE *fpl, *fp2, *fp3, *fp4;
int n, i, num, flag = 0;

/* open data.txt in read mode */

fpl = fopen("C:\\data.txt", "w");

printf("Enter the value for n:");

scanf("%d", &n);

for (i=0;i<=n;i++)
fprintf(fpl, "%d ", i);

fprintf(fpl, "\n");

fclose(fpl);

/* open files to write even, odd and prime nos separately */
fpl = fopen("C:\\data.txt", "r");

fp2 = fopen("C:\\even.txt", "w");

fp3 = fopen("C:\\odd.txt", "w");

fp4 = fopen("C:\\prime.txt", "w");

fprintf(fp2, "Even Numbers:\n");
fprintf(fp3, "Odd Numbers:\n");
fprintf(fp4, "Prime Numbers:\n");

/* print even, odd and prime numbers in separate files */
while (!feof(fpl)) {
fscanf(fpl, "%d", &num);
if (num % 2 ==0) {
fprintf(fp2, "%d ", num);
}else {
if (num>1) {
for (i=2;1<num; i++) {
if (num % i==0){

flag = 1,
break;
}
}
if (flag) {
fprintf(fp4, "%d ", num);
}

}
fprintf(fp3, "%d ", num);
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flag = 0;
}
}
fprintf(fp2, "\n");
fprintf(fp3, "\n");
fprintf(fp4, "\n");

I* close all opened files */
fclose(fpl);
fclose(fp2);
fclose(fp3);
fclose(fp4);
}

Output

Enter the value for n:20

Cidatatxt 3 Cleventxt § Cloddtxt 3§ Clprimebd £

2
1
2
3
4
5
6
7
8
9 Even Numbers:
10 g
11 4 pdd Numbers:
12 5 1
13 3 3
5
145' 18 7 Prime Numbers:
12 3
16 14 21 5
17 16 13 11
18 = 15 13
19 20 17 17
20 20 19 19
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5.4 C Preprocessor and Macros

The C Preprocessor is not a part of the compiler, but is a separate step in the compilation
process. C Preprocessor is just a text substitution tool and it instructs the compiler to do
required pre-processing before the actual compilation. All preprocessor commands begin with

a hash symbol (#).

C Source Code —— > Preprocessor ——> Compiler — -

5.4.1 Important preprocessor directives

Sr.No. Directive & Description
i. #define Substitutes a preprocessor macro.

ii.  #include Inserts a particular header from another file.
iii.  #undef Undefines a preprocessor macro.
iv.  #ifdef Returns true if this macro is defined.

V. #ifndef Returns true if this macro is not defined.

vi. #if Tests if a compile time condition is true.
vii.  #else The alternative for #if.
viii.  #elif #else and #if in one statement.

ix. #endif Ends preprocessor conditional.

X.  #error Prints error message on stderr.
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Macros using #define : A macro is a fragment of code that is given a name. You can define
a macro in C using the #define preprocessor directive.

Example 1: #define preprocessor
#include <stdio.h>

#define P1 3.1415

int main()

{
float radius, area;
printf("Enter the radius: ");
scanf("%f", &radius);
// Notice, the use of PI
area = Pl*radius*radius;
printf("Area=%.2f" area);

return O;

Inserts a particular header using #include: These directives tell the CPP to get stdio.h
from System Libraries and add the text to the current source file. The next line tells CPP to
get myheader.h from the local directory and add the content to the current source file.

#include <stdio.h>
#include "myheader.h"

Il Creating your own header file and using it accordingly.

void add(int a, int b) #include <stdio.h>
{ #include "myhead.h"
printf("Added value=%d\n", a + b); !{”t main()
o add(4, 6);
void multiply(int a, int b) [*This calls add function written in myhead.h
{ and therefore no compilation error.*/
printf("Multiplied value=%d\n", a * multiply(5, 5);
b); . o
) /I Same for the multiply function in myhead.h
¥ printf("BYE!See you Soon");
myheadh return O;
}
Output:
Added value:10 arithmetic.c

Multiplied value:25
BYE!See you Soon
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#undef

The #undef preprocessor directive is used to undefine the constant or macro defined by

#define.

#include <stdio.h>

#define P1 3.14

#undef Pl

main() {
printf("%f",Pl);

}
Output:

Compile Time Error: 'PI' undeclared

#include <stdio.h>
#define number 15
int square=number*number;

#undef number

main() {
printf("%d",square);

¥

Output:

225

#ifdef , #else and #endif : The #ifdef preprocessor directive checks if macro is defined by
#define. If yes, it executes the code otherwise #else code is executed, if present. The #else
preprocessor directive evaluates the expression or condition if condition of #if is false. It can

be used with #if, #elif, #ifdef and #ifndef directives.

#include <stdio.h>
#include <conio.h>
#define NOINPUT
void main() {

int a=0;

#ifdef NOINPUT
a=2;

#else

printf("Enter a:");
scanf("%d", &a);
#endif
printf(*Value of a: %d\n", a);
getch();

}

Output:

WwWwWtniversityacademy. i

#include <stdio.h>
#include <conio.h>
void main() {

int a=0;

#ifdef NOINPUT
a=2,

#else

printf("Enter a:");
scanf("%d", &a);
#endif

printf("Value of a: %d\n", a);
getch();
}

Output:

Enter a:5
Value of a: 5
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#ifndef

The #ifndef preprocessor directive checks if macro is not defined by #define

executes the code otherwise #else code is executed, if present.

. If yes, it

#include <stdio.h>
#include <conio.h>
#define INPUT
void main() {

int a=0;

#ifndef INPUT
a=2,

#else

printf("Enter a:");
scanf("%d", &a);

#include <stdio.h>
#include <conio.h>
void main() {

int a=0;

#ifndef INPUT
a=2,

#else

printf("Enter a:");
scanf("%d", &a);
#endif

#endif printf("Value of a: %d\n", a);
printf("Value of a: %d\n", a); getch();
getch(); }
} Output:

Output:

utpu Value of a: 2
Enter a:5
Value of a: 5

#if

The #if preprocessor directive evaluates the expression or condition. If condition is true, it
executes the code otherwise #elseif or #else or #endif code is executed.

#include <stdio.h>

#include <conio.h>

#define NUMBER 0

void main() {

#if (NUMBER==0)

printf("Value of Number is: %d",NUMBER);
#endif

getch();

}
Output:

Value of Number is: 0

WwWWw.universityacademy.in

Page 148 of 152




#error

The #error preprocessor directive indicates error. The compiler gives fatal error if #error
directive is found and skips further compilation process.

#include<stdio.h>
#ifndef _ MATH_H
#error First include then compile
#else
void main(){
float a;
a=sqrt(7);
printf("%f",a);
}
#endif

Output:
Compile Time Error: First include then compile
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5.5 Command Line Argument in C

Command line argument is a parameter supplied to the program when it is invoked. It is
mostly used when you need to control your program from outside. Command line arguments
are passed to the main() method.

Syntax:
int main(int argc, char *argv([])

main() function of a C program accepts arguments from command line or from other shell
scripts by following commands. They are,

argc — Number of arguments in the command line including program name

argv[] - This s carrying all the arguments

#include <stdio.h>
int main( int argc, char *argv[] ) {

iflargc==2){
printf("The argument supplied is %s\n", argv[1]);

}
elseif(argc>2) {
printf("Too many arguments supplied.\n");
}
else {
printf("One argument expected.\n");
}
}

When the above code is compiled and executed with single argument, it produces the
following result.

$./a.out testing

The argument supplied is testing

When the above code is compiled and executed with a two arguments, it produces the
following result.

$./a.out testingl testing2

Too many arguments supplied.

When the above code is compiled and executed without passing any argument, it produces
the following result.

$./a.out
One argument expected
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#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) // command line arguments
{
if(argc!=5)
{
printf("Arguments passed through command line not equal to 5");
return 1;
}
printf(*\n Program name : %s \n", argv[0]);
printf("1st arg : %s \n", argv[1]);
printf(*2nd arg : %s \n", argv[2]);
printf("3rd arg : %s \n", argv[3]);
printf("4th arg : %s \n", argv[4]);
printf("5th arg : %s \n", argv[5]);

return O;

}

Save this program as test.c
we run the executable “test” along with 4 arguments in command line like below.

$./a.out this is a program

OUTPUT:

Program name : test
1st arg : this

2nd arg : is
rdarg:a

4th arg : program
5th arg : (null)
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Important Questions

1.  What do you mean by pointer arithmetic?

2. What is dynamic memory allocation? Explain the calloc(), malloc(), ealloc() and free()
functions in detail. What is lifetime of a variable,which is created dynamically?

3. Explain the importance of pointers in C. Write a program in C to swap the values of two
numbers entered by user using function call by reference method

4. Write macro definition with arguments for calculation of simple interest and amount. Store
these macro definitions in a file called ‘interest.h’. Include this file in your program and use
the macro definitions for calculating simple interest and amount.

5. What are different file opening modes? Write a program in C that reads a series of integer
numbers from a file named INPUT and write all odd numbers to a file to be called ODD
and all even numbers to a file to be called EVEN.

6. Write a short note on following pre-processor directives with example:

a. Macro Expansion
b. File Inclusion

7. Explain command line arguments in C with the help of example.

8. Define various file operations in C. Write a program in C to count and print the number of
characters in a file.
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